Clinicians increasingly investigate women for thrombophilias due to their associations with venous thromboembolism and placenta-mediated pregnancy complication. These associations, however, are modest and based largely on retrospective data from studies with heterogeneous classifications and populations, leading to discordance between evidence and guidelines. Current evidence suggests a contributory rather than causative role for thrombophilia in placenta-mediated pregnancy complication and venous thromboembolism. With little evidence of benefit from antithrombotic therapy in placenta-mediated pregnancy complication, thrombophilia screening remains controversial. Given the low absolute risk of placenta-mediated pregnancy complication and gestational venous thromboembolism with heritable thrombophilia, universal screening is inappropriate. Selective screening for antiphospholipid syndrome is supported by robust evidence of benefit. Conversely, selective screening for heritable thrombophilia has not been shown to effectively manage placenta-mediated pregnancy complication. Therefore, at present heritable thrombophilia screening is not warranted for placentamediated pregnancy complication. Until we have better evidence from better stratified patient groups, caution should remain if we wish to practice evidence-based medicine.
Introduction
Pregnancy is a hypercoagulable state, likely designed to protect the mother from the haemostatic challenges of childbirth. This hypercoagulability, however, increases the risk of venous thromboembolism (VTE), a leading cause of maternal death. 1 Heritable thrombophilia is an established risk factor for VTE. 2 The haemostatic system also appears important for placental function. Placenta-mediated pregnancy complications (PMPCs), which include pre-eclampsia, fetal growth restriction (FGR), recurrent and late miscarriage and placental abruption, are associated with prothrombotic mechanisms, 3, 4 perhaps best illustrated by antiphospholipid syndrome (APS). [5] [6] [7] This has led to the use of antithrombotic agents, particularly low-molecular-weightheparin (LMWH), for secondary (or even primary) prevention of such complications. Despite this, outside of APS, benefits of such interventions have not yet been established.
Screening for thrombophilia in obstetric practice remains controversial because of limited evidence of a true causal relationship with PMPC and lack of a proven effective intervention. 8 Furthermore, the diagnosis of thrombophilia based on coagulation tests rather than genotypes to identify single-nucleotide polymorphisms (SNPs) may lack precision and may be affected by the haemostatic changes in pregnancy and the postpartum period.
In order to evaluate the role of thrombophilia screening, it is important to understand the relative and absolute risks of thrombosis and PMPC complicated by thrombophilia, as well as the financial, physical and emotional burden of screening and the relative risk reduction by available therapies.
The principles of a good screening test
The criteria for a good screening test have previously been defined by Wilson and Jungner. 9 Their 10 criteria have largely been upheld as a gold standard. The broad principles are the condition should be an important health problem, which has a known natural history and is identifiable before the disease occurs; the test should be simple, safe and acceptable; the intervention should have better outcomes than 'late' treatment; and the screening programme should be cost effective at reducing morbidity and/or mortality. 9 Although a modest relative increase in risk of VTE and PMPC has been demonstrated with heritable thrombophilia, it is the absolute risk that is most important clinically. While the prevalence of heritable thrombophilias is relatively high (collectively the known heritable thrombophilias are found in 4-10% of the population 10, 11 ), the frequency of thrombophilia-associated complications is still relatively low. This is evidenced by the fact that the majority of carriers of heritable thrombophilias remain clinically unaffected by VTE or PMPC. Further, if a thrombophilia is identified through screening, the evidence for effective interventions is scarce and often conflicting. This paper aims to explore these principles in relation to both universal and selective thrombophilia screening in order to propose potential evidence-based recommendations. laboratory criteria. The laboratory criteria are strict due to misdiagnosis problems reflecting the transient nature of the antibodies secondary to infection or drugs. Laboratory criteria include the presence of either lupus anticoagulant, anticardiolipin or anti-b2 glycoprotein-1 on more than one occasion more than 12 weeks apart. 12 The clinical criteria for APS include a previous thrombosis or pregnancy morbidity (unexplained fetal death beyond 10 weeks' gestation, severe preeclampsia or eclampsia requiring delivery before 34 weeks' gestation or recurrent miscarriage). 12 The most common inherited thrombophilias are factor V Leiden (FVL) and prothrombin (FII) gene mutation, G20210A. Other significant inherited thrombophilias include deficiencies in protein S, protein C and antithrombin.
The prevalence of individual thrombophilias is low as demonstrated in Table 1 .
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Thrombophilia testing
Venepuncture and subsequent laboratory testing is required to identify a thrombophilia. Although relatively simple to perform, interpretation is costly and difficult. Components of a full thrombophilia screen in contemporary practice include the endogenous anticoagulant systems measuring antithrombin, protein C and protein S levels; identification of SNPs that can enhance the coagulation responses, namely FVL and prothrombin G20210A; and functional coagulation and immunoserological testing for lupus anticoagulant, anticardiolipin and anti-b2-glycoprotein 1 antibodies. 17 Thrombophilia testing, other than for SNPs, should ideally be performed outside of pregnancy due to the gestational haemostatic changes, such as reduced protein S. These physiologic changes begin at conception and extend up to 12 weeks postnatally. 18 Given that low protein S levels are found in 25% of women in the first trimester, 60% in the second and up to 100% in the third trimester, antenatal testing has high false-positive rate. 19 Other physiologic changes that affect test reliability include a reduction in antithrombin levels by 20% 20 ; and pregnancy-associated aPC resistance, which negatively impacts on functional testing for FVL. 19 The cost-effectiveness of universal and selective thrombophilia screening programmes in pregnancy has previously been modelled in a hypothetical population of 10,000 screened at the onset of pregnancy (week 6 of gestation) for FVL, prothrombin G20210A, deficiencies of antithrombin, protein C and protein S, lupus anticoagulants and anticardiolipin antibodies. 21 Those tested positive were considered at increased risk and prescribed thromboprophylaxis. In the selective screening model, previous personal and/or family history of VTE were used to identify those for thrombophilia testing. In both scenarios the incremental cost-effectiveness ratio was in excess of £81,000. 21 This study concluded that universal screening was not supported by current evidence and comparatively selective screening was more cost effective but prevented fewer adverse outcomes. 21 
Thrombophilia and pregnancy
The association between thrombophilia and pregnancy complications is contributory rather than causative. 22 The current evidence base for inherited thrombophilias and pregnancy complications is largely retrospective, with heterogeneity in classifications and populations, leading to conflicting results. 23 At present, universal thrombophilia screening is not recommended and recommendations for which clinical subgroups should undergo screening vary nationally and internationally. 24 This discordance between guidelines reflects the paucity of evidence of costeffectiveness including therapeutic efficacy. 25 
VTE
VTE remains a leading cause of direct maternal mortality in the developed world.
1 Identifiable risk factors are increasingly recognised to be present in these cases. 1 Pregnancy per se is a well-known risk factor for VTE. This is considered due to its contribution to all three components of Virchow's triad: hypercoagulability due to the procoagulant changes of pregnancy, venous stasis due to alterations in venous tone and later the pressure of the gravid uterus on the inferior vena cava and iliac veins, and lastly endothelial damage secondary to trauma at delivery or obstetric complications such as pre-eclampsia. Although the relative risk of VTE is higher in women with thrombophilia, this is modest and varies between different thrombophilic defects.
In asymptomatic thrombophilia, the risk of pregnancy-associated VTE increases with combined defects, homozygous states and those defects associated with a positive family history of VTE.
2 This significantly higher relative risk was demonstrated in all thrombophilias, with the highest absolute risk in homozygous FVL of 3.4% 2 (OR 34.40, 95% CI 9.86-210.05). 21 This is compared with an underlying incidence of VTE in pregnancy of 0.10%. 26 Although this demonstrates a significant increase in relative risk and therefore potential benefit of universal screening, the absolute risk remains low. Conversely Bezemer et al.'s 27 case-control study demonstrated a two-to fourfold increase in VTE risk in those with a family history of VTE (requiring no invasive testing) irrespective of thrombophilia status. The fact that thrombophilia-negative patients with a family history of heritable thrombophilia are at increased risk of VTE negates the value of a negative screen. In contrast, Gerhardt et al. 28 reported that high-risk thrombophilias, including antithrombin deficiency and compound heterozygotes for FVL and prothrombin G20210A have significant absolute risks of gestational VTE (6.1-9.0 and 5.5-8.2%, respectively) independent of family history.
Both outside and within pregnancy, the strongest risk factor for predicting VTE recurrence is whether the first episode was provoked or unprovoked, 29 with information derived from the clinical history alone. Although heritable thrombophilia is found in 20-40% of women with a previous gestational VTE, 30 the value of selective screening in those with a history of VTE should not be determined by detection rate but instead by its effect on management. Although some guidelines recommend varying thromboprophylactic doses depending on the type of thrombophilia, the evidence base for these recommendations is limited.
RCOG guidelines place emphasis on higher dose thromboprophylaxis (50-100% treatment dose) in pregnant women whose previous VTE event was associated with antithrombin deficiency or APS. 31 They recommend selective screening only for those with a personal or family history of VTE. In the non-pregnant population, NICE recommends screening only when there is a plan to stop anticoagulation: this includes APS screening in those with unprovoked VTE and heritable thrombophilia screening in those with a family history of VTE. 33 Thus, even in the situation of VTE the value of thrombophilia screening remains controversial, as reflected by differing current (evidence based) clinical guidelines. 25 
Early and late pregnancy loss
In APS with recurrent miscarriage, benefit has been demonstrated from combination treatment with low-dose aspirin (LDA) and LMWH, which significantly increases live birth rate over LDA alone. 35 It is also possible to stratify these women by serology in terms of their risks. Antibodies directed against domain I of a b2-GPI are associated with second trimester pregnancy loss, while aCL antibodies are associated with both early and late recurrent pregnancy loss. 7 Thus, screening for acquired thrombophilia impacts on both treatment and the outcome prognosis. This contrasts with heritable thrombophilia screening in this situation. Screening for antiphospholipid antibodies in women with recurrent miscarriage is recommended by UK guidelines, 36 which is appropriate given the impact on management. Thromboprophylaxis has not been shown to prevent early or late pregnancy loss in women with inherited thrombophilias. 35, 37 This evidence is based on summarising mostly small cohort or casecontrol studies where higher risk thrombophilic defects may be under-represented in study samples (i.e. most women will be heterozygous carriers of FVL or prothrombin gene mutations). Nonetheless in some studies such as the single-centre NOHA cohorts, benefit has been reported. 38 Large-scale randomised controlled trials (RCTs) such as ALIFE2 (registration number NTR3361), currently underway, provide a more homogeneous patient group to examine whether LMWH can positively affect pregnancies complicated by miscarriage, late pregnancy loss/stillbirth. 39 ALIFE2 is a multicentre RCT targeting women with heritable thrombophilia and a history of recurrent miscarriage 39 to determine the effect of enoxaparin versus placebo on live birth rate, when commenced prior to seven weeks' gestation. 39 In the meantime, given the lack of clear benefit from treatment or any impact on prognosis, screening for heritable thrombophilia in the situation of pregnancy loss is not warranted.
Recurrent implantation failure (RIF)
A recent meta-analysis demonstrated a significant improvement in live birth rate when LMWH was given for RIF (three or more) following in vitro fertilisation (IVF). 40 However, this was irrespective of thrombophilia status. Qublan et al.'s 41 RCT specifically targeted women with RIF and thrombophilia and demonstrated a significant improvement in live birth rate with the administration of LMWH compared with placebo (23.8 and 2.8%, respectively; p 0.05). Despite Lodigiani et al.'s 42 striking results, the value of selective thrombophilia screening in this group is questionable as thromboprophylaxis appears beneficial regardless of thrombophilia status. Plasminogen activator inhibitor-1 (PAI-1) inhibits fibrinolysis and is recruited during implantation to promote haemostasis. 43 Although not routinely included in thrombophilia screening, PAI-1 is increasingly being included in the context of IVF, due to its association with recurrent miscarriage [44] [45] [46] and RIF. 47 Despite biological plausibility, the increasing use of LMWH in cases with raised PAI-1 is not yet supported by evidence. Further research is required to assess its efficacy.
Other PMPCs
The assessment of the association between inherited thrombophilia and PMPC is similarly impaired by heterogeneity of the groups studied. For example, the classification of FGR is based on either birthweight percentile or absolute birthweight, and different severities of pre-eclampsia are classified as single outcome groups. Additionally, most of the data that support the modest association between FVL, prothrombin 20210A and MTHRR C677T homozygosity and pre-eclampsia derive from retrospective studies. 2 A meta-analysis of prospective cohort studies did not support this association, although it did find a modest association with pregnancy loss (OR for pregnancy loss in women with FVL 1.52 (95% CI 1.06-2.19)). 22 Despite the lack of conclusive evidence in prospective studies, a large Danish National Birth Cohort study, looking at 2032 cases and 1851 random controls, demonstrated a significant but modest association between FVL and placental abruption (OR 1.7, 95% CI 1.2-2.4). 48 While these data suggest an association, it is likely that these pregnancy complications do not reflect a single disease process. Therefore, in many PMPC, thrombotic mechanisms may not be the principal process. This is important when considering thrombophilia as a biomarker to guide treatment. Thrombophilia is relatively common and may coexist with a PMPC, without a major causative role. Without a more selective approach to identify women at risk through a thrombotic-mediated process, it will remain difficult to demonstrate benefit from antithrombotic intervention. Annexin 5(ANXA5) M2 haplotype is increasingly recognised as a procoagulant biomarker which might serve to identify such women. Despite the worse prognosis associated with ANXA5 M2 carriers, 49, 50 Fishel et al. 51 demonstrated a similar live birth rate (37.8%) when LMWH was administered to controls (33.0%). This highlights the value of a more homogenous group, when investigating the efficacy of different interventions. This precision medicine approach is widely in use outside of obstetrics, including receptor typing in oncology 52 and endotyping in asthma care, 53 where intervention is targeted at pathology-specific cohorts rather than diagnosis-specific cohorts.
The FRUIT trial randomised 139 women with inherited thrombophilia and previous early onset gestational hypertensive disease (before 34 weeks' gestation) to either LMWH and LDA or LDA alone before 12 weeks' gestation. 54 It demonstrated a reduction in early onset preeclampsia and premature delivery for pre-eclampsia/FGR in the LMWH group, with a risk reduction of 8.7% (CI 1.9-15.5%; P ¼ 0.012). 54 The clinical relevance of this is uncertain, since the overall pre-eclampsia rate and maternal and fetal outcomes were unaffected.
In the TIPPS trial, Rodger et al. 23 randomised 289 pregnant women with thrombophilia and previous PMPCs or VTE to either LMWH or no LMWH. 23 A non-significant 1.8% risk reduction of pregnancy complications was demonstrated in the LMWH arm (95% CI of difference À10.6 to 7.1%). 23 Although this is the largest multicentre RCT to date, with reduced heterogeneity compared with single-centre trials, this study has its own limitations. A number of heritable and acquired thrombophilias were included in a 'basket' of different PMPC conditions making the group heterogeneous for type of thrombophilia and previous event. Recruitment challenges prolonged the trial duration to 12 years, potentially increasing heterogeneity in participant characteristics and co-intervention. There was also a higher proportion of the LMWH arm receiving LDA; and 8.8% of the LMWH arm were enrolled after 12 weeks' gestation, potentially masking positive effects of LMWH peri-implantation. Additionally, these data may only be reliably extrapolated to management of FVL heterozygosity as this contributed to 60% of the cohort.
Interestingly in the single-centre studies by Gris et al., 55, 56 there was significant reduction in pre-eclampsia and abruption from LMWH treatment. Further in an uncontrolled trial, obstetric outcomes were improved when the dose of LMWH was adjusted according to prior obstetric history, personal and family VTE history, and presence of thrombophilia. 57 This raises the possibility that a more homogeneous group with an underlying thrombotic process might benefit from LMWH.
Despite evidence of only a modest association and no clear benefit from antithrombotic treatment, 23 some obstetricians have offered prophylactic LMWH to women with a previous history of PMPC. This is based on biological plausibility, with clinical observation of micro and macro-vascular thrombotic lesions, and extrapolation from APS. This approach can be pragmatic based solely on a previous event, informed by laboratory evidence of a heritable thrombophilia, or by findings of thrombotic changes from placental pathology specimens in the affected pregnancy suggesting a thrombotic mechanism.
Apart from homozygous FVL mutation, the Stillbirth Collaborative Research Network demonstrated no significant association between stillbirth and heritable thrombophilias. 58 Despite this, RCOG guidelines 59 recommend a thrombophilia screen to investigate late intrauterine fetal death. This is therefore a controversial approach and likely reflects in part the limited treatment options for subsequent pregnancies, and a clinical view that thrombosis of the placenta may have been a factor. Clearly this is not evidence based. However, just as with PMPC, late intrauterine fetal death is a heterogeneous group of conditions where better stratification may identify a more homogeneous group where thrombotic mechanisms may respond to antithrombotic treatment. Therefore, before excluding such treatment it is important to consider a stratified approach.
There is a stronger evidence base for the association between acquired thrombophilia (APS) and late pregnancy complications compared to inherited thrombophilia. Despite this, the evidence for an association between aCL antibodies and late pregnancy loss is weak and relies on large retrospective meta-analysis of small cohort and case-control studies. There is an association between LA and preeclampsia and late fetal loss, but again the absolute risk remains small. 60 Most of the evidence suggests a beneficial effect of LDA to prevent early pregnancy loss in these women. Therefore, treatment should be based on both the clinical phenotype of APS and the laboratory investigations, rather than laboratory investigations alone.
Conclusion
Despite observed associations between heritable thrombophilia and adverse pregnancy outcome from PMPC, the absolute risk is low. Universal thrombophilia screening is therefore not appropriate. Selective screening leading to LMWH prophylaxis based on general thrombophilia status and previous PMPC has not been effective in RCTs. Thus, at present neither universal nor selective thrombophilia screening (other than APS) is warranted for PMPC, as it adds significant costs without clear benefit. Before discarding screening and treatment however, we should consider developing better stratification with biomarkers, such as the ANXA5 M2 haplotype, 51 for a thrombotic process underlying PMPC. A better understanding of the molecular mechanisms of PMPC is required and data from previous trials could be retrospectively assessed for possible biomarkers. With that approach, sufficiently powered RCTs could address the issues in better stratified and more homogenous patient groups. The value of thrombophilia screening is also limited in VTE, particularly because a negative thrombophilia screen does not exclude thrombotic tendency. For this reason, thrombophilia screening should only be employed where it will influence management.
On a practical level thrombophilia screening requires counselling and careful interpretation of both positive and negative results. It is often performed in early pregnancy where results may be misleading. It is also frequently performed in women with poor obstetric outcomes, IVF failures and recurrent miscarriage, which are emotionally charged situations. It is important to consider the psychological impact of a new thrombophilia diagnosis on the individual embarking on pregnancy and their relatives. Counselling about the increased relative risks of vascular complications can provoke fear and anxiety disproportionate to the absolute risk, with limited evidence in support of effective treatments.
Careful thought is required before embarking on thrombophilia screening. Situations where this will have proven clinical benefit are few at present. Until we have better evidence from stratified patient groups caution should remain if we wish to practice evidence-based medicine.
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